The "comet-tail" is an ultrasound sign detectable with ultrasound chest instruments; this sign consists of multiple comet-tails fanning out from the lung surface. They originate from water-thickened interlobular septa and would be ideal for nonradiologic bedside assessment of extravascular lung water. To assess the feasibility and value of ultrasonic comet signs, we studied 121 consecutive hospitalized patients (43 women and 78 men; aged 67 ؎ 12 years) admitted to our combined cardiology-pneumology department (including cardiac intensive care unit); the study was conducted with commercially available echocardiographic systems including a portable unit. Transducer frequencies (range 2.5 to 3.5 MHz) were used. In each patient, the right and left chest was scanned by examining predefined locations in multiple intercostal spaces. Examiners blinded to clinical diagnoses noted the presence and numbers of lung comets at each examining site. A patient lung comet score was obtained by summing the number of comets in each of the scanning spaces. Within a few minutes, patients underwent chest x-ray, with specific assessment of extravascular lung water score by 2 pneumologist-radiologists blinded to clinical and echo findings. The chest ultrasound scan was obtained in all patients (feasibility 100%). The imaging time per examination was always <3 minutes. There was a linear correlation between echocardiographic comet score and radiologic lung water score (r ‫؍‬ 0.78, p <0.01). Intrapatient variations (n ‫؍‬ 15) showed an even stronger correlation between changes in echocardiographic lung comet and radiologic lung water scores (r ‫؍‬ 0.89; p <0.01). In 121 consecutive hospitalized patients, we found a linear correlation between echocardiographic comet scores and radiologic extravascular lung water scores. Thus, the comet-tail is a simple, non-time-consuming, and reasonably accurate chest ultrasound sign of extravascular lung water that can be obtained at bedside (also with portable echocardiographic equipment) and is not restricted by cardiac acoustic window limitations.
T he "comet-tail" is an echographic sign detectable with cardiac ultrasound on the chest consisting of multiple comet-tails fanning out from the lung surface. 1 It originates from water-thickened or fibrotic interlobular septa. 2 Its presence allows a bedside distinction between pulmonary edema and chronic obstructive pulmonary disease. 1, 2 This difference is logical when one considers that the interstitial compartment reaches the lung surface, whereas the bronchial compartment does not. Because the scatterers generating the lung comets can be physically identified with water-thickened interlobular septa, 2 this sign is theoretically appealing for detecting and quantifying extravascular lung water-a key parameter in the serial evaluation of the cardiologic patient with heart failure. 3 This parameter is not quantified by ultrasound diagnosis and remains a technique still defined by the chest x-ray, 3 which allows semiquantitative estimation of alveolar and interstitial lung water with extensively validated radiologic scores. 4, 5 The present study hypothesis was that chest ultrasound detection of lung comets may provide a feasible and accurate nonradiologic bedside estimation of extravascular lung water, independently assessed by chest x-ray.
METHODS
Patients: From January to April 2002, 121 consecutive patients (aged 67 Ϯ 12 years; 43 women and 78 men) admitted to our adult cardiology-pneumology department were included in the study. The inclusion criteria were: (1) in-hospital patients (admitted to our department), (2) chest x-ray on admission or repeated chest x-ray, and (3) echocardiogram for specific assessment of lung comets performed within a few minutes of chest x-ray. Exclusion criteria were: (1) time lag between chest x-ray and chest 2-dimensional echocardiogram Ͼ1 hour (n ϭ 2), and (2) chest X-ray of technically poor quality, making an accurate quanti-tative scoring impossible (n ϭ 9). An almost simultaneous chest x-ray and chest 2-dimensional echocardiographic evaluation was obtained in 135 paired ultrasound radiologic measurements of 121 consecutive in-hospital patients admitted to our cardiologypneumology department. The physical examination was performed on admission by the cardiologist on duty, and, in particular, the presence or absence of pedal edema, pulmonary rales, and jugular venous distension were noted. Experienced physicians, unaware of the other test results and of the clinical presentation, independently read the ultrasound and chest x-ray films. The hospital's institutional review board approved the study, and all patients gave informed consent.
Ultrasound: Commercially available echocardiographic equipment with a 2.5-to 3.5-MHz cardiac transducer was used: Philips-Agilent OptiGo portable, Hewlett-Packard Sonos 5500 (Andover, Massachusetts). The investigator was unaware of the result of the chest radiogram and clinical data of the patient. The echocardiographic examinations were performed with patients in the near-to-supine or supine positions. Ultrasound scanning of the anterior and lateral chest was obtained on the right and left hemithorax, from the second to the fourth (on the right side to the fifth) intercostal spaces, and from parasternal to midaxillary line. The comet-tail sign was defined as an echogenic, coherent, wedge-shaped signal with a narrow origin in the near field of the image. In each intercostal space, the number of comet-tail signs was recorded at the parasternal, midclavear, anterior axillary, and midaxillary sites (Figure 1 ). The sum of the comet-tail signs yielded a score denoting the extent of extravascular fluid in the lung. Zero was defined as a complete absence of comet-tail artifact on the investigated area. The intra-and interobserver variabilities of echocardiographic comet lung scores were assessed by 2 independent observers in a set of 20 consecutive patients and was 5.1% and 7.4%. Standard echocardiographic measurements were obtained in each patient according to the recommendations of the American Society of Echocardiography. 6 Measurements included left ventricular ejection fraction, end-diastolic diameter, and systolic pulmonary pressure derived from flow velocity profiles of tricuspid regurgitation, when present.
Chest x-ray: Every patient underwent a chest x-ray examination within 1 hour of the ultrasound investigation. The chest radiograms were recorded by commercial available x-ray machines. The reading of the x-ray image was done by 2 pneumologist-radiologists (SM, MM) blinded to the clinical and echocardiographic findings. A previously validated radiologic score of extravascular lung water was used 4, 5 (Table  1 ). The intra-and interobserver reproducibilities of radiologic lung water scores among experienced observers were very high, as previously described. 4, 5 In particular, the interobserver correlation was r ϭ 0.9 (p Ͻ0.0001). The score assignment of a given sign depends on the entity, stratified into 3 (mild, moderate, or severe) or 2 (mild or severe) degrees as originally described. 4 Statistical analysis: Continuous measures are expressed as mean values Ϯ SD. Continuous variables are analyzed according to Student's t test and Pearson's correlation. To find predictors of extravascular lung water assessed by chest x-ray, multivariate regression analysis was performed. Dichotomous variables were compared by chi-square analysis. The statistical analyses of the data were performed with SPSS (version 11.0, SPSS Inc., Chicago, Illinois). A p value Ͻ0.05 was considered significant.
RESULTS
In all, 135 paired echos (chest x-ray evaluations) were obtained in 121 patients. Thirteen patients were studied twice (at admission and on discharge), and 1 patient was studied 3 times. Reasons for hospital admission were acute coronary syndrome in 10 patients, stable angina in 37, dyspnea in 33, exacerbation of chronic heart failure in 9, and miscellaneous causes (worsening of chronic pulmonary disease after coronary artery bypass surgery, atrial fibrillation, palpitation, pulmonary embolism, atrial myxoma, renal failure, or after general surgery) in the remaining patients.
Echocardiographic and echo lung findings: The feasibility of the chest ultrasound examination for the diagnosis of pulmonary extravascular water was 100%. The time needed for the echo lung examination was Ͻ3 minutes (mean 2.8 Ϯ 0.4) in all patients. Lung comets were observed in 82 patients. The mean number of comets per person (comet score) was 17 Ϯ 25. A typical echo pattern of a patient with and without comets is shown in Figures 2 and 3 . The spatial distribution of comets on the chest is displayed in Figure 4 . Comets were more obvious on the right than on the left hemithorax.
Echocardiographic abnormalities outside lung comets consisted of regional wall motion abnormalities in 68 patients, valvular heart disease in 41, and pulmonary hypertension in 65. The mean ejection fraction was 47 Ϯ 14% and the left ventricular mean end-diastolic diameter was 53 Ϯ 8 mm. When compared with those without comets, patients with comets had significantly lower ejection fractions (43 Ϯ 15% vs 54 Ϯ 10%; p Ͻ0.01) and significantly higher systolic pulmonary pressures (48 Ϯ 18 vs 35 Ϯ 14 mm Hg; p Ͻ0.01) and end-diastolic diameters (55 Ϯ 10 vs 49 Ϯ 6 mm; p Ͻ0.01).
Chest x-ray: Twenty-three patients had signs of extravascular lung water: 32 interstitial, 17 alveolar. The mean radiologic score was 8 Ϯ 14. Thirty-three patients had at least 1 lung abnormality other than extravascular lung water: 10 had chronic obstructive pulmonary disease, 2 had pleuritis, 2 had pulmonary fibrosis, 2 had radiologic signs of pulmonary hypertension, and 18 patients had pleural effusion. A typical example of a patient with and without extravascular lung water is shown in Figures 2 and 3 .
Comparison of clinical and chest x-ray findings: Patients with pulmonary rales on physical examination (n ϭ 20) had a higher radiologic score than patients without rales (15 Ϯ 18 vs 5 Ϯ 8, respectively, p Ͻ0.01). Patients with jugular venous distention also had higher radiologic scores than patients without it (13 Ϯ 13 vs 4 Ϯ 8, respectively, p Ͻ0.01). Patients with pedal edema had radiologic scores similar to patients without pedal edema (7 Ϯ 11 vs 6 Ϯ 10, p ϭ 0.40).
Comparison of lung echo and chest x-ray findings: In the overall population of 135 cases (121 patients), there was a significant linear correlation between echo comet score and radiologic score of extravascular lung water (r ϭ 0.78, p Ͻ0.01) ( Figure 5 ). The significant correlation was present also when only the 62 patients evaluated with portable echocardiographic instruments were considered (r ϭ 0.63, p Ͻ0.01) and when the radiologic score was compared with the comet score of a single intercostal space (no. 6, right side at the third intercostal space on the anterior axillary line), which gave the highest echo comet score in the overall population (r ϭ 0.64, p Ͻ0.01). The degree of correlation was better in patients admitted to our cardiologic unit (n ϭ 119, r ϭ 0.82, p Ͻ0.01) than in patients admitted to the pneumologic unit (n ϭ 16, r ϭ 0.45, p ϭ 0.07). The correlation was also improved when intrapatient correlations in the 14 patients (15 cases) with Ͼ1 examination were analyzed (r ϭ 0.89, p Ͻ0.01; Figure 6 . A frequent source of discrepant results was the presence of lung echo comets in the absence of extravascular lung water on chest x-ray. This false-positive response was often associated with radiologic abnormalities other than extravascular lung water.
At multivariate analysis, the presence of radiologically assessed extravascular lung water was predicted only by echocardiographically assessed ejection fraction (p ϭ 0.007, odds ratio 0.95, 95% confidence interval 0.92 to 0.99) and by echo comet score (p ϭ 0.001, odds ratio 1.06, 95% confidence interval 1.03 to 1.10).
DISCUSSION
Previous studies have clarified the likely biophysical mechanism underlying the comet-tail artifact. 1, 2 All diagnostic ultrasound methods are based on the principle that ultrasound is reflected by an interface between media of different acoustic impedance. 6 In normal conditions, with the transducer positioned on the chest wall, the ultrasound beam finds the lung air (i.e., high impedance and no acoustic mismatch on its pathway through the chest) (Figure 7 ). In the presence of extravascular lung water, the ultrasound beam finds subpleural interlobular septa thickened by edema (i.e., a low impedance structure surrounded by air and with a high acoustic mismatch). The reflection of the beam creates a phenomenon of resonance. When the beam meets the subpleural end of the thickened septum, the time lag between successive reverberations is interpreted by the transducer as a distance, resulting in a center that behaves like a persistent source, generating a series of very closely spaced pseudointerfaces. 1, 2 The physical basis of the water comets also explains the sources of false-positive comets, which were often found in the presence of radiologic alterations, such as pleuritis, bronchiectasia, or emphysema. In all these conditions, fibrosis in the parietal pleura or interlobular septa may occur, which can lead to reflection of the ultrasound wave, generating echo comets.
Chest x-ray is an essential diagnostic tool for the clinical cardiologist. In patients with chronic heart failure, chest x-ray is especially useful to detect cardiomegaly and pulmonary congestion. 7 Even in the present echocardiographic era, it is often necessary to have serial chest x-rays to evaluate extravascular lung water to tailor the best treatment in the patient. 8 When pulmonary interstitial edema is present, the lungs may be clear to auscultation, because the extravascular fluid is confined to the interstitium. 3 According to the present study, echocardiography had the potential to identify and quantify radiologically assessed extravascular lung water. The clinical impact of this information is further increased by the nonionizing nature of the examination, 9 which can be performed at bedside with a hand-held device and is very simple to interpret, is easily quantified, and is not dependent on cardiac acoustic windows or patient decubitus. Echocardiography is now an essential part of first-line cardiologic evaluation, and lung water comets can further expand its application domain.
Chest x-rays were adopted as a gold standard for assessing extravascular lung water. A more accurate evaluation could have been obtained with more complex, invasive, or technically demanding techniques, or a combination of these, such as electrical impedance tomography, 10 photon transmission, 11 computerized tomography, 12 or double-indicator dilution techniques. 13 However, chest x-ray films remain the standard clinical method for assessing interstitial and alveolar pulmonary edema and evaluation of other aspects of lung pathology.
